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Letter to the Editor
somite SI. The intersomitic fissure between somite SI andA Nomenclature for Prospective
the presomitic mesoderm is border 0 (B0). The presomiticSomites and Phases of Cyclic Gene mesoderm is then subdivided into prospective somites
beginning with somite S0, S-I, S-II, S-III, and so on.Expression in the Presomitic Mesoderm
Prospective boundaries are labeled beginning with -1
for the caudal boundary of somite S0 and border -2 for
the caudal boundary of Somite S-I, and so on (Figure 1A).In July 2001, a meeting dedicated to embryonic segmen-
As was originally proposed in theoretical models,tation was held in Nara, Japan. Discussions at this meet-
recent evidence from work performed in fish, chick, anding emphasized that many aspects of the basic segmen-
mouse embryos has led to the conclusion that seg-tation machinery are conserved among vertebrates and
mentation of the vertebrate embryonic body relies on athat it seems important to adopt a unified nomenclature
molecular oscillator called the segmentation clock. Theamong species. This letter outlines a new numeration
existence of this clock is suggested by the rhythmicsystem for segmental domains that provides consis-
expression in the PSM of a particular set of genes linkedtency between different vertebrate model systems.
to the Notch pathway, called the cyclic genes. TheseIn vertebrates, the paraxial mesoderm is composed
genes include those encoding transcription factors re-of serially repeated segments (somites) that are aligned
lated to the Hairy and Enhancer-of-split Drosophilaalong the anteroposterior (AP) axis. Somites are formed
genes, such as c-Hairy1, c-Hairy2, c-Hey2, HES1, HES7,by successive segmentation of the presomitic meso-
and Her1 in chick, mouse, and fish, the glycosyl-derm (PSM; Figure 1A) in a cranial to caudal manner,
transferase Lunatic Fringe in chick and mouse, and theresulting in the formation of a finite and species-specific
Notch ligand DeltaC in zebrafish (Aulehla and Johnson,number of segmental units. Once formed, each somite
1999; Bessho et al., 2001; Forsberg et al., 1998; Holleyfollows a consistent timetable of differentiation. For ex-
et al., 2000; Jiang et al., 2000; Jouve et al., 2000; Leimeis-ample, myogenic determinants such as myf5 are ex-
ter et al., 2000; McGrew et al., 1998; Palmeirim et al.,pressed immediately after somite formation, and initia-
1997; Sawada et al., 2000). These genes are expressedtion of sclerotome dispersal in a given somite occurs
after three to four more somites have formed from the in a dynamic temporal and spatial sequence in the PSM.
PSM. This means that during somitogenesis the somites Initially, they are expressed in a broad caudal domain
forming along the body axis are at a succession of devel- extending from the primitive streak and/or tail bud
opmental stages from segmentation to tissue differenti- across the caudal half of the PSM (see Figure 1B). Ex-
ation, with the rostral somites being the most advanced pression then becomes progressively more restricted
and the caudal ones displaying earlier events. to domains (or prospective somites) in the anterior re-
This observation forms the basis for the currently gion of the PSM. This whole sequence is reiterated once
existing system for staging and comparing somite dif- during the formation of each somite. In the proposed no-
ferentiation. Individual somites are numbered (in roman menclature system, the dynamic sequences of gene ex-
numerals: I, II, III, etc.) according to their craniocaudal pression are described as three phases: phase I, when
position beginning with the most recently segmented so- the genes are expressed by the cells of the caudal PSM;
mite (Ordahl, 1993). Somites of the same number are phase II, when expression is found in a broad domain
similar in their cellular and molecular properties inde- in the middle region of the PSM; and phase III, when
pendent of the actual age of the embryo such that somite genes are expressed in a discrete domain in PSM tissues
V of an embryo with 15 somites is equivalent to somite V that are about to undergo segmentation (Figure 1B).
of another embryo with 20 somites in terms of myogenic This expanded nomenclature provides a framework for
gene expression and other aspects of somite maturation. discussion of newly emerging data on somitogenesis. It
Recent embryological and molecular analyses have represents a consensus opinion across a broad spec-
focused on the cellular and molecular organization of trum of the field, and we hope that it will be adopted by
a presegmental pattern of prospective somites in the the entire community to facilitate comparison and discus-
presomitic mesoderm (Tam et al., 2000). Analysis of ex- sion of results and models. We are grateful to many individ-
pression patterns has shown that some genes are ex- uals for contributions to the discussions that led to this
pressed in a dynamic mode encompassing different do- consensus, particularly Denis Duboule, Achim Gossler,
mains of the presomitic mesoderm or in restricted Scott Holley, David Ish-Horowicz, Yun-Jin Jiang, Randy
domains that may correspond to prospective somites. Johnson, Chris Kintner, Marc Kirschner, Robb Krumlauf,
As more data become available, it will be important to Julian Lewis, Charles Ordahl, Yumiko Saga, Claudio Stern,
describe patterns of gene expression in a consistent Cliff Tabin, Yoshiko Takahashi, and Hiroyuki Takeda.
manner so that results obtained in studies of different
genes at different developmental stages and in different Olivier Pourquie´1,3 and Patrick P.L. Tam2,3
species can be compared. 1 Laboratoire de Ge´ne´tique
Discussions during and following the Nara meeting et de Physiologie du De´veloppement
on segmentation have led to a consensus agreement to Developmental Biology Institute
extend the existing nomenclature to include the pro- of Marseille (IBDM)
spective somites in the presomitic mesoderm. As in the CNRS-INSERM-Universite´ de la Me´diterrane´e-AP
de MarseilleOrdahl system, the last completely segmented somite is
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Somite Nomenclature System
(A) Prospective somites in the presomitic
mesoderm are numbered in a rostral-caudal
series, beginning with Somite S0, which is the
next one to be segmented, in negative roman
numerals (-I, -II, -III, etc). Each prospective
somite is approximately the size of the newly
segmented somite (SI). The border between
prospective somites are numbered also in the
rostral-caudal series beginning with border
B0 between SI and S0, B-1 between S0 and
S-I, and so on. Segmented somites (SI, SII,
etc.) are numbered according to Ordahl
(1993). The arrows in the caudal region of the
PSM indicate the allocation of somite precur-
sors from the progenitor pool localized at the
caudal end of the developing body axis.
(B) The three phases (I, II, and III) of dynamic
oscillatory expression of genes in the presomi-
tic mesoderm. These patterns are found with
the expression of genes encoding transcription
factors related to the hairy and enhancer-
of-split Drosophila genes, such as c-hairy1,
c-hairy2, c-Hey2, HES1, HES7, and her1 in
chick, mouse, and fish, and molecules in-
volved with Notch signaling such as Lunatic
Fringe in chick and mouse, and deltaC in ze-
brafish. In each phase, there may be regional
differences in the level of activity within the
expression domain. In chick, formation of the
somite boundary occurs at the end of phase
II. The dotted line in phase II represents the
forming somitic boundary. Finer subdivision
of each phase may be necessary to accom-
modate novel cyclical expression patterns
displaying subtle variations from the main
theme of transition from broad to restricted
expression domains.
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